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212. Fossils Shells which have been Identified. 
The determinable fossils which have been met with in the 

Ayrshire drift-beds are :— 

BcUanus crenatus. Astarte borealis. 
Ostrea, sp. Tellina balthica. 
Pecten Islandicus. Mactra, sp. 
Leda pemida. Saxicava rugosa. 

,, pygmma. Trochus, sp. 
Gardium, sp. Littorina littorea. 
Gyprina Islandica. Turritella, sp. 
Astarte sulcata. Natica, sp. 

,, compressa. Buccinum (or Fusus?), sp. 

The remarkable feature about the shells is that they are nearly 
all bivalves, as amongst hundreds of specimens collected I have 
only got some half a dozen univalves, two being Littorina littorea 
much worn but not scratched, and these, evidently brought from 
a shore-line, occurring as pebbles in the Boulder-clay. The 
reason why the shells are, generally speaking, so scarce, is that 
they had, apparently, a poor time of it, from the immense number 
of stones which were (if not continually, then at certain seasons 
of the year) showered down amongst them. At parts where the 
Boulder-clay is most free from stones the shells are there most 
common—in such an exposure some scores having been got in a 
cubic yard of clay. 

T H E O R E T I C A L P A R T . 

Formation of the Drift-beds. 

How were these extensive beds of clay and stones, laminated 
clay, mud, sand and gravel, boulder-sand, and boulder-gravel, now 
found in Ayrshire, deposited ? 

The answer to this question I have, I daresay, anticipated when 
describing some of the beds; for to one in the field, after the 
study of a number of the sections, it becomes quite apparent 
that in no other place than in the sea could they have been 
deposited. Neither " waves of translation," nor " uphill carnage 
of blocks and shells," as held by a few geologists at the present 
day, could account for them. One of the best arguments against 
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these theories is the condition of the shells themselves. Had they 
been transported by any such agency, how could they have 
escaped being rubbed? How could many of them have been 
broken to fragments without having the angles blunted or 
without even the epidermis being removed? 

A "wave of translation" would have given us something like 
the following section :— 

Fine Mud. 
Sand. 
Gravel. 
Shingle. 
"Rabbl ing ."* 
Light Boulders. 
Heavy Boulders. 

For it is evident that in greatly agitated waters the boulders 
would first settle down, followed in order by the other materials 
(as in this theoretical arrangement) as the waters gradually 
quieted down, though they may not always and altogether have 
settled down in one place. But an arrangement like the above 
is nowhere to be seen in Ayrshire. 

At the present time in some parts of the Firth of Clyde there 
are deposits of fine mud going on. Suppose we introduce to the 
estuary, from glaciers, rivers, and shore-lines, floating-ice carrying 
sand, mud, and stones, the result would be the deposition of a 
Boulder-clay, not differing in any particular from the existing 
shelly pebbly-clay- and Boulder-clay-beds of the drift-formation; 
that is to say, so far as these beds still remain undisturbed. 

The boulders in the clays are quite an exceptional feature of 
the deposits, and it is only from their conspicuous size that 
portions of the drift-beds have been called Boulder-clays, there
fore " stony clays " would really be the proper name for them. 

Icebergs in the waters of the drift period appear to have been 
the exception, not the rule. 

Rotted Rock. 

That the surface received a great amount of ice-scraping before 
the deposition of the drift-beds began, there can be no doubt, I 

* Stones from 5 to 6 inches in size. 
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think, for the simple reason that wherever 8 or 10 feet or more 
of Boulder-clay is removed, as in quarrying, pit-sinking, or railway 
construction, the underlying rock is seen to be, as a rule, perfectly 
solid. Now in America and other countries outside the glacial 
areas, the rocks, even granite, are so rotted from long periods of 
exposure, that they can be dug into with a spade to a depth of 
60 feet. We have, of course, no idea what depth of rotted 
rock there may have been in this country before the glacial 
period, but there is every reason to believe it must have been 
considerable, and that it was all removed before the deposition 
of the drift began. This may have been done in many places by 
the first glaciation-ice, and by the sea-waves and by the chafing 
of shore-ice as the land sank, and much of the striation on rocks 
may have been produced either by icebergs during the submergence, 
or afterwards by land-ice. 

During the glacial period the production of fine mud from the 
previously decomposed rocks must have been much more simple 
work for both shore- and glacier-ice than if these agents had had 
to deal with the rocks in their original solid form. 

Original Ground Moraine. 
In Ayrshire there is, properly speaking, I believe, only one 

ground moraine—or what I have called original ground moraine— 
always thin, and never reaching beyond an inch or two in 
thickness (see pars. 80 and 125). In cases where Boulder-clay has 
been dragged by land-ice, by the fronts of glaciers ploughing into 
the sea-bottom, or by the stranding and grating of icebergs, it has 
been converted into what may be called secondary ground moraine, 
and is principally identified by the contained shells being-
scratched and polished, by the stones being more intensely striated 
than those in undisturbed Boulder-clay, and by the interstratified 
beds being contorted and deformed. 

The Boulder-clay not a Ground Moraine. 
That the Boulder-clay is not a ground moraine is clearly seen at 

several places in the county, as at Gourock Burn (par. 22), and at 
Blackshaw (par. 115) where red Boulder-clay rests on white rock 
without being in the least influenced by it even to the extent 
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of the eighth of an inch. This is also well seen where the 
Boulder-clay rests on the original ground moraine, which is 
entirely different from it. Boulder-clays are often seen to merge 
insensibly into laminated clays (par. 174). 

Deposition of the Boulder-clay. 
It is a fact worth bearing in mind that the great bulk of the 

stones in the clay are small—large blocks being exceptional—so 
that they could have been carried by comparatively thin ice. 
From rivers and the sea-shore, and from the homely action of a 
piece of flat wood on the surface of a carried pail of water to 
keep it from "jauping" over, it may be deduced that the Boulder-
clay in many cases began to be deposited in comparatively 
shallow water, the floating icy covering, like the board on the 
pail, keeping down wave-action, as Dr. David Robertson has 
pointed out (see Transactions, vol. vii., page 5), so that the mud 
was not kept in a state of suspension, and thus carried off and 
deposited in deeper water. 

The greater part of the boulders, stones, sand, and mud, would 
be fixed into the bottoms of the glaciers and the shore-ice, so that 
whenever they floated off deposition would begin to take place. 
Such a process would keep the Boulder-clay, just as we find it, 
close to the area from which the material was derived; and as mud 
sinks rapidly in salt wrater, as shown by Dr. David Robertson (see 
Transactions, vol. iv., page 257), it would settle down quickly 
amongst the stones and boulders. 

Deposition of Boulder-clay, Sand, Gravel, &c. 
As the land sank the glaciers would float off as icebergs, 

depositing, as they melted, stones, sand, and clay on the top of the 
striated rock-surfaces. Where there were strong bottom-currents 
the mud would be floated off and deposits of sand and gravel 
would be left behind (pars. 109 and 158), but where there was 
still water the clay and stones would accumulate as a massive 
deposit, occasionally with a few lines of stratification and sometimes 
with layers of mud (pars. 34 and 156). The absence of marine 
organisms from much of the drift may be owing to it having been 
accumulated in darkness under the ice before the latter finally 
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floated off in the shape of bergs, but I find that the more the 
shells are searched for, the oftener they turn up. 

Much of the laminated clay, often with stones and boulders, may 
have been deposited under such conditions, for some of it is quite 
capable of having preserved shells, &c, in the very finest condition. 
Where purely laminated clays do occur, they were most probably 
deposited where the sea was frozen over. Some of them contain 
foraminifera, so that the apparent absence of marine organisms in 
many parts of the drift-beds is probably only because they have 
not been searched for. I now know that bulky papers have 
been written on this "lifeless" drift, and their authors must 
have often trampled under foot the fossils they never bent their 
backs to look for! 

The Boulder-clay not Derived from the Melting of Land-ice. 
One of the theories advanced to account for the formation of 

Boulder-clay is that it has, in part at least, been derived from the 
melting of land-ice, but when a glacier of the present day melts 
(or retreats, as it is called) nothing like Boulder-clay is left in its 
wake, nor does it form Boulder-clay on its bed (see Geological 
Magazine, 1874, page 496). 

From Whence the Boulders have Principally been Derived. 
Before the glacial period the glens would have steeper sides than 

they now have—as rivers produce quite different features from 
glaciers—the angles along then* upper sides having been worn, and 
torn off, and it was no doubt from the denudation of these angles 
(see fig. 36) that the great bulk of the boulders came. 

Fig. 36.—Angles of the Banks of Glens. 
A.B., C, B. River Angles. D.B., E, B. Glacier Angles. 

Travelled Blocks. 
Before the depression of the land the glacier-ice appears to have 

been in motion for a very long period, and no doubt it brought 
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stones and boulders from a distance. As the land sank and the ice 
floated off these far-travelled blocks would be ready for deposition 
along with the material which had been taken up in the sole 
of the ice from the immediate neighbourhood. In this way it is 
easy to see how carried blocks and stones would become mixed up 
with the local ones. Icebergs would also bring their quota from 
different parts, as is clearly seen in the centre of Ayrshire, where 
Highland schists are intermingled with granites from the south. 
This was remarked by Dr. James Geikie,* but was referred by him 
to land-ice from the absence at that time of marine fossil evidence. 
These different boulder-deposits cross one another for a distance of 
at least 22 miles. 

Toughness and Hardness of the Boulder-clays. 
These well-known qualities of the deposits, which look as if they 

had been put together by hydraulic pressure, are no doubt in 
great measure the result of the weight (and motion in some cases) 
of the last land-ice; but we must not forget the fine clay ground 
from the rocks and stones, as in a mill, by the stone-shod sole of 
glacier-ice, and floated into the sea to be deposited amongst the 
stones and boulders; as well as, in some cases, the chemical 
action set up by lime, iron, or siliceous compounds, since the 
deposition of the clay. Some of the clays, as we find on a wet day 
amongst the scaurs, stick to one's boots like so much bird-lime, and 
in that respect seem almost to rival the American adobe, said to be 
"the stickiest clay in creation." 

Patches of Boulder-clay in the Stratified Sand-beds. 
These are sometimes seen, and are clearly water-deposits, just 

mud with stones dropt into it. In the older formations we often 
see shale in sand-beds. 

Sands and Gravels in the Boulder-clays. 
There being in all Boulder-clay plenty of sand and stones, which 

only require the mud to be separated from them by the action 
of moving water to produce regular beds of sand and gravel, 
the latter may have been formed in the Boulder-clays in various 

* " The Great Ice Age," 2nd ed., pp. 72 and 609. 

Library on May 11, 2015
 at University of Manchesterhttp://trngl.lyellcollection.org/Downloaded from 

http://trngl.lyellcollection.org/


90 TRANSACTIONS—GEOLOGICAL SOCIETY Otf GLASGOW. 

ways—by tbe temporary clearing away of floating-ice; by change 
of wind allowing wave-action to be set up; by the stranding of 
icebergs inducing currents round their sides; by the mere passing 
of an iceberg contracting the space between its bottom and that of 
the sea, and so compelling the currents to run with increased 
rapidity; or by extra floods in rivers setting up extraordinary 
currents where they entered the sea. We can easily see how sands 
and gravels in Boulder-clay may be in course of production by 
similar agencies in the Northern ocean at the present day. 

Black Sandstone. 
A small patch of black sandstone interbedded in the Boulder-

clay was got in a cutting of the Darvel railway, the binding 
material being bright specular crystals of iron (see Note by the 
author, Transactions, vol. x., page 360). 

Rotted Pebbles in the Boulder-clay. 
In the Ayrshire Boulder-clay and pebbly-clay I have only seen 

rotted pebbles within 6 or 8 feet of the surface, where they have 
been decomposed by recent weathering, except in one instance, on 
the Patrick burn, Muirkirk (par. 204), where decayed pebbles occur 
under a peat-bed in the Boulder-clay. In the shelly pebbly-clay 
at Clava, near Inverness, I saw a few rotted pebbles found, i.e., 
pebbles which had lain in a surface-bed before they had been 
transported into their present position. As these were not 
mentioned in the Report of the British Association Committee on 
the Clava shelly clays it may be worth while to record the fact 
here (see Report of the British Association Meeting, Nottingham, 
1893). 

The Sands and Gravels Fossiliferous. 
That the sands and gravels were at one time as fossiliferous as 

the shelly clays there can, I think, be no doubt. They are so 
still in some places, as at Bennane burn (par. 9), Stair (par. 72), 
and Barskimming (par. 60). The passage of acidulated water 
through the beds has, in many places, removed all traces of fossils, 
leaving the Boulder-clay and pebbly-clay as the principal beds of 
the drift-series in which organic remains are still found in a fine 
state of preservation. 
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Breakage of the Fossil Shells. 
As may have been gathered from the foregoing pages, the 

greater proportion of the shells found in the Ayrshire drift-beds 
exist as sharp-edged fragments, often with the epidermis attached. 
The breakage of these shells may have been caused in one or 
other of the following ways:—(a) Living shells might have been 
broken by extreme cold, as Mr. Gwyn Jeffreys suggests.* (He 
quotes Mr. Bean's experiments of pouring boiling water on some 
living specimens of Cyprina Islandica, which were shattered by the 
ordeal, but does not give the reason, which was probably from the 
sudden contraction of the occlusor muscles.) (b) The large quantity 
of stones which fell on the sea-bottom from floating-ice, and that, 
I believe, was the principal cause of the breakage of the shells, 
(c) The work of fishes, of which some species are well-known 
shell-breakers, e.g., the Catfish. (There appear to have been shell-
breaking fish during Carboniferous times, for many fragments of 
strong shells are to be found isolated in even the finest sediments, 
where we should suppose they could not have received any rough 
wave-usage.) (d) The great weight and drag of the last land-ice, 
which evidently broke many of the shells, for we find the fragments 
still remaining in position. 

When no shells are found in localities, and amongst material, 
where they might reasonably be expected to occur, it is possible 
the dragging of the mass may have been continued long enough 
and far enough to destroy the shells by their being rubbed 
away altogether, just as a bit of chalk disappears from between 
a boy's fingers when he has been amusing himself by scoring and 
marking walls, &c. 

How Shells may have been Preserved. 
Where a bed containing shells was overlaid by another thick 

bed of sand and gravel holding shells or limestone pebbles, both 
of these would act as a first line of defence in intercepting the 
carbonic acid which filtered down from the surface with rain-water. 
This seems to have been the case both at Shewalton in the 
Raised-beach-bed, and at Dirrans in the glacial-bed (par. 11). In 
the former the shells in the upper part are either completely or 

* See "Bri t i sh Conehology," vol. ii., page 306. 
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partially dissolved away, and in the latter the limestone pebbles 
have been reduced to rottenstone. 

Floating of the Icebergs. 
Icebergs do not always break off from the parent glaciers in the 

manner represented in the text-books, viz., by having their 
continuity with the ice-sheet broken away by the flotation of 
their mass, but from the fact that the upper part of a glacier 
moves quicker than the lower or under part, so that the front 
sometimes overhangs until it breaks off by its own weight, causing 
a tremendous commotion in the water. In such a case deposits 
of clay and stones might have formed in the quiet water under the 
glacier, while at the front, where it broke off, deposits of sand and 
gravel might have gathered, through the stirring-up, caused by the 
breaking off of the ice-front, of the surface of the mud-and-stone-
deposit laid down when the ice projected over the same place. 

Advance and Retiral of the Glaciers. 
As is the case in countries under glacial conditions at the present 

day, there would probably be advances and retirals of glaciers in 
drift-bed times. Sometimes they appear not to have reached the 
sea, the deposits being little more than masses of small stones 
(quite of a size to have been carried by thin ice) and clay. At 
other times they seem to have been protruded into the sea with 
great force, carrying large blocks, and strewing them over the 
sea-bottom (par. 155). 

Deposition of the Sea-drums. 
Before the floating front of a glacier broke off it would have 

advanced, and doubtless deposits would have taken place from it, 
as they are known to do from the fronts and sides of glaciers in our 
own times. When a large portion broke off it would be equal to a 
retreat of the whole front, and when that again advanced deposits 
would take place over nearly the same ground, so that by a 
repetition of tbe process drums may have been formed in the sea; 
and we do find that some of the existing drums contain marine 
shells (pars. 50, 78, and 83). 
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A Long Drum at Right Angles to Short Ones. 
The ridge on which Kilwinning is mostly built extends from a 

little beyond the west of the town, and through it, on by Corshill 
(which is built on it), along the head of the Eglinton deer-
park, through the Castle policies by Mains farm, past Stane 
Castle and Bourtreehill House (the latter being built upon it), 
and terminates within a short distance of Dreghorn station. It 
is seen to be capped by sea-gravel (par. 23), but has a nucleus of 
Boulder-clay. The Garnock Water and the Lugton Water have cut 
through it, and the Annick Water has carved away a large 
part of its south-east end. This is probably a sea-drum 
formed by the terminal end of a glacier which protruded into 
the sea and floated in deepish water. The sand and gravel on 
its top and flanks are much more recent than the Boulder-clay 
backbone, and were probably derived in great part from it. It 
extends for a distance of 5£ miles (see from A to B on Map). 

Temperature of the Water. 
During the deposition of the Boulder-clay and pebbly-clay with 

shells, the temperature of the water does not appear ever to have 
been much above the freezing-point, as there seems always to 
have been some floating-ice. When some of the sand-beds were 
deposited, ice capable of carrying blocks 4 feet in diameter had 
floated over the sandy sea-bottom (par. 86). Some of the sand-
beds in certain of the valleys seem to have been deposited under 
milder conditions. In the Guelt valley, for example, I failed, 
after many visits, to find any blocks in the sand-beds. 

The Sea Creeping into the Valleys. 
After a study of the deposits I think it is quite clear that the 

sea crept into the valleys as the land sank, and deposits of clay, 
sand, and gravel, were laid down on its bed; the Boulder-clays 
themselves being just these materials, mixed with stones which 
had been dropped into them from floating-ice, and interspersed with 
a few larger ones (known to us as "boulders" or "bowlders"). 

Arrangement of the Drift-beds. 
If a complete section of the Ayrshire drift-formation could be 
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laid bare from sea-level upwards, perhaps the beds under the 
upper Boulder-clay would be seen to be arranged like the slates 
on the roof of a house, the upper Boulder-clay resembling boarding 
placed over them and covering them all up. The simile is not 
quite complete, there being sometimes beds of sand and gravel 
on top of the upper Boulder-clay, doubtless remnants of a more 
extensive series which existed before the beds were so much 
denuded away by the last land-ice. 

"Plucking " "Friction-quarrying" and "Suction-haulage" 
Where a glacier has moved over a prominent little boss of rock, 

it has formed it into a roche moutonne'e, or rock-drum, with 
generally (for there are exceptions) a gently sloping side at the 
part where the glacier has approached it, and a steep side where 
the glacier has left it. If the rock is much jointed the steep side 
is usually precipitous and rugged, from blocks having been torn 
from it. This has been done by what has been called " plucking." 
It has occurred to me that this plucking may have been the 
result of several actions. It may have taken place by what I 
called "friction-quarrying" (in my Paper on "The Ice Age in the 
Garnock Valley," Transactions, vol. ix., p. 151), though perhaps 
suction had a good deal to do with it. When the glacier 
slid over the boss, everything being air-tight, a vacuum would 

B. Block jus t broken off. Arrow shows direction and would allow it to 

out by the friction of the stone-shod sole of the glacier, or to be 
" friction-quarried." It is difficult to say whether or not freezing 
of water in the joints had anything to do with this splitting off of 
blocks; from the constant friction between the stones fixed in the 
glacier and the surface of the rock one would think there would 
be too much heat to allow of freezing. It must be clear from 
this that every block dragged along under ice would be more 
or less subjected to "suction-haulage." 

Fig. 37.—Removal of Block by Laud-ice. 

be formed in front of it, 
and this would remove 
the pressure in front of 
a block (placed like that 
marked B in fig. 37), 

of ice-movement. be more easily drawn 
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A Hill-scaur Facing the East 
Some of the Ayrshire hills, as those near West Kilbride, Largs, 

the Carrick shore, the valley of the Girvan, Corsoncore, Blackcraig, 
Craigbraniock, and others, present cliffs and steep faces to the 
west, but a notable exception occurs in Ben Beoch, Dalmellington, 
which has a precipitous, rocky scaur facing the east and visible 
from many points. From the immense number of trap boulders| 
in the valley of the Black Water, and its continuation the Burnock, 
this scaur has probably been produced during glacial times. 

Stones and Boulders Lying at Right Angles to Streams. 
Long-shaped stones and boulders are often seen lying at right 

angles to the streams, but this is easily accounted for, as the 
manner of their placement can still be seen in operation. When 
a boulder slides down a scaur in wet weather, it naturally does so 
with its long axis up and down the face, so that when it reaches 
the bottom it lies at right angles to, or across, the stream, which, 
though running over and around it, may probably be unable to 
alter its position. At Shewalton Raised-beach the long-shaped 
stones—all lying at right angles to the stream—are so numerous, 
where the sand-beds have been carved away by the river during 
floods, that they look as if they had been placed in their positions 
by human agency. Sometimes they lie in rows where they have 
slid down a hollow part of the scaur one after another. 

Boulders with their Long Axes at Right Angles to the 
Axes of the Drums. 

In the higher reaches of the Garnock valley there is a notable 
example of this, where a large long-shaped boulder is seen lying 
across the ridge of a drum. Where the stones and boulders in the 
clay are intensely striated the long-shaped ones generally lie in one 
direction, one which it is evident they would soon assume after 
the clay began to be dragged. 

Stones and Boulders Standing on End. 
In the Boulder-clay the stones and boulders are sometimes seen 

to be on edge or on end, and of this a notable example occurred at 
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Kilbirnie (see Paper by tbe author, Transactions, vol. ix., page 151, 
illustration 2). There is also one in Noddsdale (see par. 36). 
These stones probably stuck into the clay in this position when 
they fell on the sea-bottom from the iceberg which carried 
them. 

Curving Strice. 
Curving striae are sometimes to be seen on stones, and look 

like segments of circles made by a pair of compasses, or perhaps 
more like the sweeping curves often seen on the sandhills, and 
formed by prostrate stems and leaves of " bent," or wiry grass, 
when the wind sways them to and fro. When the end of a 
stone was brought in contact with a knob of rock, and the other 
end was being forced round by the ice-movement, it is easy to 
see how such curved striae may have been formed. 

Strice Produced by the Action of Seaweeds. 
Stones trailed along the sea-bottom by seaweeds are sometimes 

more or less scratched, and I have seen a pebble of limestone 
attached to a large laminarian seaweed on the Ayrshire coast—a 
longish stone, fixed by one end—as well striated on the sides as a 
Boulder-clay specimen. It is, therefore, quite probable that many 
of the scratched stones in the drift—especially in the sandy beds 
—may have been striated through the agency of seaweeds. 

Glacier Boulders versus Boulder-clay Boulders. 
When Agassiz visited this country in 1840 he remarked that 

the boulders of Boulder-clay were not like those carried by the 
Swiss glaciers, which are angular like those in the Ford of Moak 
(see par. 161). As we have seen, there are in the Ayrshire 
Boulder-clay many angular stones and boulders, and doubtless the 
clay at the exposures examined by Agassiz had been dragged, as 
in such cases the blocks are always more rounded than in others 
where the clay remains undisturbed in the state in which it 
was deposited. Blocks and stones brought by land-ice from old 
river-courses, and by shore-ice, would be more or less rounded 
before they were taken up by the ice (see "Newer Pliocene 
Geology," by James Smith of Jordanhill, page 127). 
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Lines of Boulders. 

In the Boulder-clay there are sometimes very regular lines of 
boulders, as in the Sevenacres section (par. 47), the Aldinna one 
(par. 142), and the Black Water one (par. 155), &c. For many 
years it remained an enigma to me how these boulder-lines became 
so evenly placed, as I then held the Boulder-clay to be a land-
deposit. Now, however, I think they can easily be accounted for. 

When glaciers entered 
the sea, and largely 
floated off, carrying 
with them large 
blocks, these would 
eventually be depos-

Q • . b - ^ \^ i *A o ited over the sea-
• - » r'-

bottom. Where sec
tions of the clay are 
now made—naturally 

Fig. 37a.—Nine Boulders resting on a Sand-bed on or artificially— these 
the Gas Water. b l o c k g ^ ^ ^ 

pearance of being in lines in the clay. From a careful study of 
these boulder-lines, however, it is evident that they never were 
laid down by land-ice, the material on which they rest being 
often not deformed in the least, as in a section on the Gas Water 
where nine large blocks are seen resting on a sand-bed (see fig. 
37a). 

Boulders Carried to High Levels. 

It is a favourite theory with some geologists at the present time 
(following Mr. Belt's theory) that blocks of large dimensions may 
have been carried uphill by glacier-ice. In certain circumstances 
I think the bottom glacier-ice may move up inclines, but only 
where it is coming out of rock-bound hollows, as it has done 
at Loch Doon; but, from what we know of the nature of ice, 
it is not likely to be able to move up an isolated hill, but rather 
in such a case round its sides. Ice, being a plastic substance, is 
very sensitive to the contour of the ground over which it moves 
(see pars. 89 and 174), turning now to the right or to the left as 
it meets any slight difference in the levels of the rock. This fact 

G 
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has been constantly noted by geologists from a study of the striae 
on the rock-surfaces. 

How then have stones and boulders been carried uphill ? 
1. During the subsidence the waves may at certain times have 

washed up before them stones even of considerable size. 
2. Seaweeds are capable, during a single storm, of lifting stones 

8 inches in diameter to a vertical height of 20 or 30 feet, and of 
leaving them stranded on the shore 3 feet (vertical) above the 
height of ordinary tides, as can be abundantly proved on the 
Ayrshire coast after a heavy gale. Lately on the Ballantrae shore 
I measured a stone, 12 x 7 x 4 J inches, which had been hauled 
out of the sea by laminarian weeds still attached to it. 

3. Boulders frozen into sheets of shore-ice might be lifted a few 
inches by the waves during storms or high tides, and consequently 
carried to various heights—even to the limit of the tide during 
submergence. 

This theory of Darwin (see Quarterly Journal Geological Society, 
vol. iv., page 315) is often quoted by geologists, generally only 
to be ridiculed (as they say, "fancy ice floating about with its 
burden of boulders for thousands of years"), but I think a 
moment's consideration should show them that, granting the 
shore-ice on the ancient shore, it would be as possible to have 
blocks lifted during storms with the help of ice as to have stones 
lifted by seaweeds on the present shore. Blocks of stone of immense 
size are often lifted by the waves as it is, and without the 
advantage of their being frozen into sheets of ice. A block 
of ice measuring 20 x 20 x 10 feet would easily carry a boulder 
5 feet in diameter, and larger ones than this are exceptional in 
the Ayrshire drift. 

Old Valleys. 
If some part of one of these old valleys which are still filled up 

could be cleared out, it might throw considerable light on the 
subject. All the old pre-glacial, or perhaps more properly 
speaking pre-drift, Ayrshire valleys are much larger than the 
present ones, as only at certain parts do we see both of the rocky 
sides free at the same time from drift, while the banking of rivers 
and building of bridges have in many places put a stop to any 
further rapid alterations. 
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I do not know that I can point to the occurrence of any " kettle-
holes " in Ayrshire, but on many of the moors there are what the 
natives call "dumb holes," into which water sometimes disappears. 
Lately I saw a good illustration of the manner in which a "kettle 
hole " may have been formed. On the bottom of a trough by the 
roadside, into which a small run of water from a spout was falling, 
there lay some sand and gravel, and this, formed into a little oval 
ring, took the form of a sharp-edged ridge. A stream of water 
falling through glacier-ice where it was floating would, one would 
think, produce the same appearance in the deposits existing below 
it. Sharp-edged ring-ridges of loose gravel and sand might be 
preserved entire on ice-sheds, viz., localities where there was no 
bottom-movement of the ice when it last occupied the land; 
"kettle-holes" may of course have been formed in different 
ways, as by the deposition of moraine stuff leaving voids here 
and there. 

Near the close of the glacial epoch the streams appear to have 
had a greater flow of water than they have now, as has often been 
remarked by geologists. This is better seen towards the head
waters of some of the streams than elsewhere. We cannot 
consider the old river-terraces down stream as proving this, for 
similar features are being produced at the present day, and would 
be produced even to a greater extent were the river banks not 
lined in many places with boulders and " rice " by the farmers and 
others. In no place in Ayrshire is the action of the old flood-
period better represented than near the head of the Logan Water 
in Galston parish, where the base of a little flat-bottomed glen has 
a bed of peat which has grown to the depth of 4 or 5 feet. The 

Fig. 38.—Valley of Flood Period choked with Peat . 

peat on the moor above is much deeper, having evidently been 
accumulating when the valley was being cut out. The present 

"Kettle-holes" in the Drift. 

The Old Flood Period. 
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stream is quite diminutive, being at places almost choked by the 
peat, and apparently quite incapable of reproducing such features 
as those it did in its younger days. 

Weight of the Ice Causing Subsidence. 
It is a question whether or not the weight of the ice on the 

land was the sole cause of subsidence, but I think there can be 
no doubt it had some effect in that direction. I do not hold the 
opinion that all rock-bound lochs, like Loch Doon, have been cut 
out of rock to their full extent by glaciers. The great extra 
weight of ice in certain districts may have caused extra local 
subsidences from which the strata in those parts did not fully 
recover their former level on the disappearance of the ice. We 
see in some of the river deltas of the present day that the weight 
of the deposited sediments causes local subsidences, from which it 
may be fairly deduced that the unequal weight of ice upon the land 
would cause extra local subsidences during the glacial period. 

Ailsa Craig an Index to the Strength of the Last Glaciation. 
Ailsa Craig is exceedingly well glaciated up to about 500 feet 

(estimated) above sea-level. Higher than this the great screes of 
loose rock show that the upper portion (600 feet) has been for a 
longer time exposed to the air. This probably indicates that the 
last glaciation-ice filled the Clyde to a depth, at Ailsa, of 500 feet 
above the present sea-level. 

Proofs of a Second Glaciation. 
That Ayrshire was subjected to a considerable scraping by land-ice 

after the deposit of the drift-beds I think there are ample remaining 
proofs. It appears to have been something extensive. The great 
series of drums extending all over the county from under the 
40-feet-beach near Irvine to a little way above sea-level, and 
reaching high up the valleys, as on the Garnock, Afton, &c, where 
at Montraw, on the latter, they are found up to an elevation 
of 1500 feet, and having generally their long axes in the direction 
of the valleys, are, I think, ample proof of this. In many places 
these drums are as flowing in outline as newly-drifted heaps of 
snow; in fact this is their general appearance. 
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Fig. 39.—Drums at Montraw, looking down the Afton Valley. 

valley is narrow here, and there are no great river-scaurs of drift, 
such as may be seen in wider valleys or even in the Stinchar 
valley itself, further down. At Aldinna a small stream enters the 
Stinchar, and the mouth of its glen is still partly choked with 
drift, but above Black Row the valley widens and shows scaurs 
of drift. This drift is of great thickness, and being partly in 
sheltered alcoves, the Stinchar ice must have been powerless to 

Many of these drift-drums may have been accumulated as 
moraines on the land before the subsidence, or as sea-drums 
during the subsidence, being afterwards somewhat dressed up by 
the latter land-ice. In the valleys the proofs that glacier-ice 
carved out the drums from thick beds of drift are, I believe, 
perfectly conclusive. Take one instance already noted (par. 114). 
In the Stinchar valley immediately above Pin valley there is little 
drift, but what little there is exists in the shape of drums. The 
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reach it and carve it away, though that is now being done by the 
feebler streams of the present day. The drums in great measure 

Fig. 40.—Drums of Drift near Corwar, 580 feet above Sea-level. 

are to the drift what the roches moutonne'es, or rock-drums, 
are to the rocks. That many of the striae on the rock-surfaces 
were produced by the second glaciation-ice is quite possible, even 
under the drift where it was thin and dragged by the ice. In the 
Lissens railway-cutting, under thin Boulder-clay, a patch of black 
Carboniferous shale had been torn up, and was being drawn out 
into a thin band in the clay when the dragging process came to a 
stop (see Paper by the author, Transactions, vol. ix'., page 151, 
illustration 5), which shows how shelly clay torn up by a glacier 
would be drawn out and the shells striated, or annihilated perhaps, 
before it had travelled many yards—as one would draw his foot 
over a mushroom. 

Rock Acting as Shelters for Drift. 

It is a common feature in connection with the drift to see that 
projecting knobs of rock have formed shelters for drift during the 
last period of land-ice. The rock to the north of West Kilbride 
is a typical illustration of this, and the town is in great part built 
on the tail-end of the sheltered patch of drift. Where such has 
occurred, it has produced an appearance just the reverse of a 
roche moutonnee, the steep side in such cases being towards the 
direction in which the ice approached it. Trap dykes also formed 
shelters for drift, especially when they lay at right angles to the 
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Many of the Ayrshire Silurian hills are remarkably rounded 
(and grass-covered), looking as if they had at one time been 
entirely covered by ice and moulded into shape by it. The 

Fig. 41.—Hills wi th very Rounded Outlines at Source of the Deugh, looking 
up-stream; the highest one 2287 feet. 

(a.) A Drift-drum. 

rocks, however, are often so much jointed that it becomes a 
question whether ordinary weathering would not produce much 
the same features (see fig. 41). 

Hounded Hills. 

course of the ice, and this is exceedingly well seen in the ridge 
near Giffen and Barrmill. 

Delta-like Patches of Drift at Various Altitudes. 
At a number of places there are strong indications of delta-like 

deposits of drift, which would seem to mark pauses in the changes 
of elevation of the land, whether rises or subsidences. The deposits 
on the Glen Water, near Fairlie, at 500 feet above sea-level, those 
in Dobbingston Glen, at about 600 feet, and those on the Douglas 
Water, just outside the Ayrshire boundary, at 1060 feet, are good 
instances of this, their surfaces for some distance being remarkably 
level or only sloping gently. 
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The Glen Boulder-clays. 
At about a thousand feet and upwards the glen Boulder-clays 

appear to have been so dragged by glacier-ice that all traces of 
stratification, except now and then a sandy line in an exposure, 
appear to have been obliterated, as the ashes, clay, &c, placed in 
a clay-pan, lose their individuality after a few turns of the wheels. 
The striae in Ayrshire all point more or less down the valleys, 
except at the extreme south-west corner, and near Fairlie, where 
they are parallel with the shore. The intense striation of the 
stones and shells at certain parts, and the twisting of the stratified 
beds, are strong proof, I think, of the dragging of the drift, either 
by glaciers or by stranded floating-ice, and a study of the beds 
leads to the conclusion that it was principally the work of the 
glaciers. Such an instance as that in a railway-cutting at 
Kilwinning station, where Boulder-clay has been crushed up into 
boss-like masses amongst twisted sands, was probably produced 
by the stranding of an iceberg (see Paper by the author, 
Transactions, vol. ix., page 181, illustration 8 ; also par. 86). 

The Carving of Gravel Drums,—Pressure that Melts Ice. 
That loose gravel is not pushed bodily away by glacier-ice is 

a well-known fact, the probable reason being, as Prof. James 

Fig. 42.—Rock Drums, Knockskae, 1021 feet. 

Thompson has shown, that ice subjected to a certain pressure 
melts, so that loose gravel may quite as well be carved into 
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drums (see pars. 147, 150, 164, and 178) as the Boulder-clay, or 
even as rock itself is formed into roches moutonnees (see fig. 42). 
If the last glaciation had continued long enough the Boulder-clay, 
instead of having been augmented, would have been carved 
away altogether, as we see has happened in many places, while 
in others it has been partially removed. 

The Sun a Denuding Agent. 
Along the north sides of valleys which run east and west the 

effect of the sun is often well-marked. Its rays in such cases 
strike nearly vertically on the hill-sides, and the herbage is 
frequently burnt up, leaving the surface-clay perfectly dry. As 
dry clay dissolves readily in water, rain acts quickly and powerfully 
in washing it from the north sides of such glens. This is well 
seen on the Kello Water, where the north side of the glen is 
comparatively free from drift, while the south side has deep 
river-scaurs of it. 

No Boulder-clay Formed under Present-day Glaciers. 
The Boulder-clay has been always more or less of a mystery, 

because it has been mostly studied in thin artificial sections in 
places where it had been dragged, and therefore presented the 
appearance of having been formed under land-ice. What helped 
to increase the mystery was the fact that no Boulder-clay is 
known to exist under any present-day glacier. In the northern 
and southern oceans there is perhaps as much Boulder-clay now 
being laid down as there was anywhere at any previous time, but 
as such deposits are hid from direct observation, the fact appears 
to have fallen out of sight of late. 

Glaciers have Denuded away the Drift to the Rock-head. 
Some of the glaciers of the last land-ice have denuded away 

the drift right down to the rock-head, and in districts, too, where 
it probably had been of considerable thickness. In the rock-
bound Vale of Tempe, for instance, there are many parts where 
no Boulder-clay remains, as ascertained by pit-sinkings, and where 
it evidently has been carved away by glacier-ice, leaving only a 
few conspicuous drums of drift, as at Carshead, Glengarnock, 
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Pitcon, and the mound on which Dairy is built, the hollows 
between these drums being filled up with lake-deposits, mostly 

Fig. 43.—View on the Euchan Water. The Lower Mounds are Drift-drums. 
(Outside the Ayrshire Boundary). 

mud, to as much as 70 feet in thickness. This is also seeu on 
the Euchan, where the low mounds are drift-drums (see fig. 43). 

Absence of Boulder-clay from Certain Localities. 
In coarse sandstone districts, as those at Blackshaw, Pencote, 

Ash grove Loch, &c, both Boulder-clay and boulders are entirely 
absent from certain areas, and yet the surfaces of the rock are in 
some cases well-striated. In a Paper on the Garnock valley (see 
Transactions, vol. ix., page 188) I offered the following explanation 
of this feature. The boulders and stones under glacier-ice, when 
rubbed along the surface of the coarse sandstone rock, were soon 
worn down and reduced to mud. The friction between them 
and the gritty rock would evolve a considerable amount of heat, 
which would melt a large quantity of ice, the resultant water 
carrying off the mud as it formed, just as we see it is carried 
away from under recent glaciers. In the sandstone districts 
mentioned the clay would probably be thin and easily dragged 
by the last land-ice. 

Could Land-ice have Deposited the Drift-beds ? 
How could land-ice, which has scooped out lakes, widened 

valleys, and left striations on their rocky sides, have afterwards 
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Surface Blocks. 

A large number of the surface-boulders, now getting scarce in 
agricultural districts as they have been used up for many purposes, 

Fig. 44.—View of Loch Bradan. The Small Hillocks are Rock-drums. 

may have been shifted by the last land-ice. The grey granites, 

advanced in the same valley, and laid down deposits of Bonlder-
clay on the top of laminated beds of clay and stratified sand, 
without causing the least disturbance amongst the laminae or 
stratification, and have repeated this as often as four times over 
the same area? It appears to me that land-ice could not have 
accomplished this. 
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for instance, which strew the valleys of the Doon and the Girvan, 
and the Carrick shore, in such immense numbers, having their 
largest representative in the great "Baron's Stone" of Killochan, 
near Girvan, may have been transported in part by such an agent 
from the extensive granitic area to the south of Loch Doon, and 
Loch Bradan (see fig. 44). 

Difference of Drift Carving by Glaciers and by Rivers. 

There is a great difference between the features produced by 

Fig. 45.—Drift carved by Glacier Action. 

f > 

Fig. 46.—Drift carved by River Action. 

the carving of drift by glaciers and the same work done by rivers, 
as a glance at fig. 45 and fig. 46 will show. 

Split Boulders. 

These are to be seen at several places—for instance, Hadyard 
Hill, Gogo, Ladyland Moor (see fig. 47), &c. I am much inclined 

Fig. 47.—Split Boulder, Ladyland Moor. 

to think that such boulders have been split by frost, but for a 
different opinion see Smith of Jordanhill's "Newer Pleiocene 
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Geology," page 144, where there is a description and a coloured 
sketch of the split boulder on "Trail Island,"* Little Cumbrae. 

Scratched Shells. 
A shell-fragment which shows strong lines of growth or ribbing 

—in a situation where the clay has been dragged—may not be 
striated on the side showing the corrugations, but on the inside 
of the valve. The reason for this appears to be that the rough 
surface allowed the clay to adhere firmly to the outside, whilst the 
smooth surface of the inside slid along and became striated. This 
we see on fragments of shells like Astarte sulcata, where the ribbed 
and furrowed exterior is often free from scratches, whilst the 
interior is striated. 

Absence of Shells from Certain Beds. 
From the sandy beds of the higher drift-deposits there is little 

hope of obtaining fossils. We have seen that boulders 4 feet in 
diameter have been rotted (par. 86), and where boulders have 
not stood the action of solvents we cannot expect to find shells 
preserved. Still those which I got in the clayey layers amongst 
the sand in the Whiteholm scaur (par. 177) afford quite sufficient 
proof that these sand-beds were at one time fossiliferous. The 
top part of the Boulder-clay, where it occupies the surface, is 
rotted to a depth of 6 or 8 feet, and of course to expect 
shells in this part of the bed is out of the question. Many 
blocks in it are so soft as to be easily crushed to powder by the 
pressure of the hand. It is also evident that the upper part of 
the clay would be the last to be laid down, so that we have now 
no clue to the kind of fossils it once contained. 

Weathering of the Rocks. 
Along the stream-courses the roches moutonndes are often very 

fresh, and even show the striae. They are sometimes also in this 
condition on the moors, though there they are more frequently 

* " Trail Island," or Scratched Island as it might be translated, has been 
strongly striated, looking as if something had been trailed over it, and 
from this peculiarity it doubtless took its name. 
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weathered, even into small stacks. Some rocks weather rapidly; 
a finely-striated surface of trap at Blair, Dairy, was exposed some 
20 years ago, and the stria? on it are not now discernible; while 
a finely-striated bit of limestone which I put on the top of a 
wall lost all the strise on its upper surface in about 3 years. On 
the other hand some rocks are very durable and stand much 
weathering. At the south-end of Ashgrove Loch there are exposed 
surfaces of sandstone, which, for any appearances to the contrary, 
may have been exposed since the glacial period, and some have 
the strise still quite sharp. It is evident from these facts that 
from weathering alone no estimate can be made of the time rocks 
have been exposed since they were striated, but undoubtedly great 
use might be made of the known effects of weathering influences 
in the selection of building-stone. 

Patches of Peat and Land Surfaces in Boulder-clay. 
In the Gamesloup section (par. 24) a thin layer of peat occurs 

in the Boulder-clay at 58 feet, on the Guelt there is a layer in a 
sand-bed at 770 feet of altitude (par. 188), and on the Patrick 
burn another at a still greater altitude (par. 204). These 
peaty layers prove that during the drift-period there must have 
been land-surfaces, and a temperature capable of sustaining and 
nourishing plant-life. In the Beith district, 300 to 400 feet above 
sea-level, Mr. Robert Craig detected fragments of old land-surfaces, 
with roots of oak, hazel, &c, between Boulder-clays—which proved 
that comparatively mild conditions had occurred during part of 
the glacial period (par. 73). 

Boulder-clay Nodules or Concretions. 
In the Boulder-clays there are concretions of stones and clay, 

generally of a globular form, and seldom reaching over 2 inches 
in diameter. They are of the same colour as the clay, and effer
vesce with acids (see Paper by the Author, Transactions, vol. xi.). 

Boulder-clay Pebbles. 
At only one place have I seen pebbles of Boulder-clay. They 

occur in a sand-bed, and were probably rolled into shape on a 
sea-beach (see par. 41). 
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Fig. 48.—40-feet-beach-beds carved by the waves of the 25-feet-beach, near 
mouth of Stinchar. 

(The banks shown are partly carved in Boulder-clay.) 

hand, has had a level platform cut out of Boulder-clay, rock, and 
the older beaches, by tbe waves, and in some cases was deposited 
on a prepared surface (see fig. 48). Of course on a rocky shore
line the beaches could only occur as cut-out ones, as we see in 
their remains on the Carrick coast. 

The Hills Slope Steeply to the West. 
The hills of Scotland, as has often been remarked, present 

steep faces towards the west, and gentler slopes to the east. The 
steep western slopes are evidently on too grand a scale to have 
been made by the waves during the submergence of the glacial period, 
but are the results of longer periods of denudation. Still, in the 
great 25-feet-beach cliff at Goldenberry Head, near Portincross, 
which rises almost perpendicularly for a height of nearly 300 feet, 
we have an example of what waves can do in a comparatively 
short time, geologically speaking. Many of our upland cliffs may 
have been scarped by the waves during the last submergence of 

The Ifi-feet-beach and 60-feet-beach Partly Deposited on Rising 
Ground, and the 25-feet-beach on a Cut-out Platform. 

The 40-feet-beach-beds near Irvine, and the 60-feet-beach-beds 
at Kilwinning, rest on drums of Boulder-clay, showing that they 
had been deposited on a rising sea-bottom, and that these drums 
had not been planed away to a level by the sea-waves before the 
deposition of the beach-beds. The 25-feet-beach, on the other 
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the land, and many of the hill-benches may be remnants of old 
shore-lines. 

Amongst the hills there are some curious kyles, as at the heads 
of the Afton, Clocklowie, Garpel, and other streams; and there 
are bay-like hollows on the Guelt, Gas Water, and others, which, 
if the land were submerged to certain depths, would appear not 
unlike some existing kyles and bays on the west coast of Scotland. 

Shore-plants at High Levels. 

High on the sides of Merrick Hill, which rises 2764 feet above 
sea-level, and is just opposite the Ayrshire border, there are some 
shore-plants, such as Plantago maritima, Armeria vulgaris, and 
Cochlearia officinalis, the ancestors of which were probably left at, 
or near, their present position during the submergence. 

Boulders Foreign to the County. 

In the north of Ayrshire there are a number of those mackled 
granite boulders which have been transported from the district to 
the east of Loch Fyne-head, and which were first pointed out 
as occurring there, and as boulders in the valley of the Clyde, 
by Hopkins (see Quart. Jour. Geol. Soc, 1850). As a similar 
variety of granite occurs in Ben Cruachan, some of the travelled 
blocks may have come from that locality. There also occur in 
Ayrshire diorites from Glen Falloch, and a variety of schists, &c, 
from the West Highlands (see Paper by the Author, Transactions, 
vol. ix., page 151). About the middle of the county similar 
boulders are intermingled with Loch Doon and Spango grey 
and pink granites, and greywackes from the south and south
east. Here and there occur bits of actinolite rock of different 
varieties, probably from Perthshire. These are not uncommon in 
some parts of Auchinleck parish, the largest block I have seen 
being at the Barskimming scaur. The late Bailie Blackwood of 
Kilmarnock informed me that he had found pieces of Arran 
granite in Ayrshire. 

Fossil Evidences of a Marine Submergence. 

The fossil evidences of a marine submergence in Ayrshire are 
abundant and widespread, extending from north to south for 46 
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miles, and from the coast inland for 25 miles. Some of the 
sections yield several scores of specimens per cubic yard of clay, 
and the fossils are often in the very finest state of preservation. 
They are found up to an altitude of 1061 feet above sea-level. 

Levels at which Marine Shells have been Found in 
the Drift-beds. 

Marine shells have now been found in the Ayrshire drift-beds 
to a depth of 35 feet below sea-level. 

They have been found above sea-level at 20, 20-64, 80, 100, 
155, 182, 220, 225, 230, 248, 270, 300, 320, 330, 350, 370, 380, 
400, 425, 500, 530, 550, 570, 580, 610, 630, 680, 720, 780, 885, 
920, and 1000-1061 feet. 

These figures give the top height of the shelly part of the 
various beds, and if the total thicknesses are taken into account it 
will be seen that we have in Ayrshire a nearly continuous shelly 
section represented by the exposures in the different localities 
from about sea-level up to 1061 feet above it. 

Peat-beds in the Raised-beaches. 

In the Raised-beaches of the Ayrshire coast there are two beds 
of peat which have grown in situ, and which hold roots of trees 
and other plants in position. These are covered by beds contain
ing sea-shells, showing clearly that there have been oscillations of 
level, such as may have taken place during the great glacial 
depression. 

Proofs of Submergence Outside of the Glaciated Area 
in Europe. 

The late James Smith of Jordanhill, in his Paper on the Geology 
of Gibraltar, states that he found recent sea-shells at various levels 
up to 600 feet above the surface of the Mediterranean; and from 
sea-caves and other appearances he inferred that there had been a 
submergence to the extent of 1470 feet (see his " Newer Pleiocen 
Geology," p. 110). 
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